Debris and smear layer were evaluated in canals prepared with either Lightspeed (LS) or ProFile (PF) rotary instruments. lrrigants used were tap water (group A) or alternating 5.25% NaOCl and 17% EDTA (group B). Apical stops were prepared to size 52.5 in the LS and to size 6 (approximately IS0 size 36) in the PF techniques. The roots were split longitudinally and examined at apical, middle and coronal levels for debris and the smear layer using a 5-step scale. Using only water, mean debris scores were similar for LS and PF. In contrast, with EDTNNaOCI, LS-and PF-prepared canals had similar debris scores at the apical and coronal levels, but there was a significant difference at the middle level. Mean smear layer scores were similar in LS-and PF-shaped canals when water was the sole irrigant. In contrast, with NaOCl and EDTA, mean smear layer scores were significantly different at the apical and middle levels, but not at the coronal level. Neither technique was superior in removing debris, but larger canal preparations obtained in this study with LS instruments enabled a more effective removal of the smear layer in the EDTA-NaOCI group.
Important advances have occurred in the last few decades in methods to clean, shape and obturate root canals. Endodontic files and instruments are conveniently grouped into manual, enginedriven, sonic, and ultrasonic types, and are traditionally manufactured from stainless steel. Since nickel-titanium endodontic files were first described in 1988, the alloy is increasingly used to manufacture endodontic instruments because of its flexibility. Currently, nickel-titanium endodontic instruments are marketed for both manual and engine-driven types.
The efficacy of rotary nickel-titanium instruments has been evaluated in vitro either using plastic blocks or extracted natural teeth (1) (2) (3) . Curved canals in the mesial roots of lower molars shaped by Lightspeed (LS) instruments (Lightspeed Inc., San Antonio, TX) remained well centered, although apical stops were prepared to sizes varying from 45 to 50 (3). Such large apical stops can be prepared with minimal (if any) transportation because of the high flexibility of LS instruments. Preparing larger and bettercentered apical stops in curved canals may improve mechanical removal of pulp tissue remnants and microorganisms. In this way, a larger amount of infected dentin tubules may also be mechanically removed. Also, larger apical preparations may facilitate better apical disinfection because larger volumes of the imgants may then reach the apical areas.
Similarly, ProFile .04 ( P F Tulsa, Tulsa, OK) rotary instruments also follow the canal's path accurately in plastic blocks (4). However, Thompson and Dummer (4) showed that canals shaped with PF instruments rarely terminated in apical stops in plastic blocks. The presence of apical stops may help to ensure better obturated canals, regardless of the obturation technique used. Thompson and Dummer (5) subsequently showed that, by following the manufacturers' instructions, apical preparations produced by PF instruments were smaller in diameter than those produced by LS instruments (5).
Root canals have been examined after using different preparation techniques and varying imgants (6, 7) . Irrigants facilitate removal of debris and smear layer; and while clinicians agree that debris should be removed, no such consensus occurs for the removal of the smear layer. Nevertheless, parts of the smear layer detached from the prepared canal walls may present as debris. Some studies suggest removing smear layers, others do not (8, 9) .
Two recent studies reported considerable amounts of debris and smear layer present on shaped canals walls (10, 11) . However, an earlier pilot study showed that little or no debris was present on canal walls prepared with LS instruments using only tap water as the irrigant (12). Currently, no data have been published describing the appearance of root canal walls shaped by LS and PF rotary nickel-titanium instruments. The aim of this study was, therefore, to evaluate with a scanning electron microscope the smear layer and debris scores of root canal surfaces prepared by LS and PF rotary nickel-titanium instruments.
MATERIALS AND METHODS
Thirty-two mandibular molars, stored in 0.1% thymol, were randomly selected for this study from the department's stock of extracted teeth. Standard access cavities were prepared and canal morphology was verified from radiographs (70 kV and 0.08 s) taken both buccolingually and mesiodistally (Digora, Soredex, Helsinki, Finland). Crowns of the selected teeth were sectioned buccolingually through the furcations. The mesial and distal roots were coded and stored.
Only mesial (n = 30) and distal (n = 2) roots with two canals and two separate apical foramina were included in this study. Final working lengths were set by deducting 1 mm from lengths recorded when tips of size 10 or 15 K-files (Dentsply-Maillefer, Ballaigues, Switzerland) were visible at the apical foramina. All working lengths were confirmed radiographically. The coronal 3 to 4 mm of the canals were prepared with Gates-Glidden burs (sizes 2 through 4). At this point, the specimens were randomly assigned to two equal groups of 16 each. Groups A and B, respectively, were scheduled to be imgated with water only or alternatingly with NaOCl and EDTA.
One canal in each root in groups A and B was prepared with LS instruments; the other with PF instruments. The instrumentation was performed exactly according to the manufacturer's instructions. Apical stops prepared with LS instruments were shaped to sizes 50 and 52.5 in 3 and 29 canals, respectively. The canals were stepped-back to size 100, or smaller, if the step-back preparation merged with the stepped-down portion before the size 100 instrument could be used. While preparing these canals, LS instruments sizes 20 to 32.5 and sizes 35 to 65 were replaced after shaping 8 and 16 canals, respectively. LS instruments sizes 70 to 100 were not replaced at all. PF instruments were used in a modified crowndown approach after using Gates-Glidden burs and the step-down technique. Briefly, the coronal two-thirds were enlarged using PF sizes 5, 4, and 3, sequentially. The size 2 instrument was used in most canals, but the size 1 PF was not used at all. Apical preparations were then completed using nos. 3, 4, 5, and 6 PF instruments. Finally, canals were stepped-back using PF instruments nos. 7, 8, and 9. Each set of PF instruments was discarded after preparing 16 canals.
While shaping the canals in group A (LS, n = 16; PF, n = 16), only water was used as the imgant. In contrast, the canals in group B (LS, n = 16; PF, n = 16) were shaped using 5.25% NaOCl and Light microscopic appearance of a specimen assigned to group A taken at X10 magnification. The apical area of the right root canal, prepared by the LS method, is blocked out by the presence of dentin dust.
17% EDTA, alternatingly, as the imgants. All canals were flushed with 10 ml of the test imgant using disposable syringes and 27-gauge needles. In group B, a final 1-min flush of 2 ml EDTA was washed away using NaOCI. After preparing the canals, the roots were grooved along their buccal and lingual surfaces, frozen in liquid nitrogen and split longitudinally ( Figs. 1 and 2 ). Two roots were discarded because they split inconveniently. The remaining root halves (30 in group A; 29 in group B) were coded and examined in a stereomicroscope (Tessovar, Leitz, Oberkochen, Germany). The coded, halved specimens were then dried, mounted on scanning electron microscopic (SEM) stubs, gold-sputtered (500 A' ; Balzers CSD 030, Balzers, Liechtenstein), and evaluated in a scanning electron microscope at low ( X 10 and X 15) and high (X200 and X400) magnifications at the apical, middle, and coronal levels.
The amounts of debris and smear layer on the canal walls were rated using a 5-step scale method by the same person (O.P.) who was unaware of the coding system to exclude observer bias. Evaluation was repeated twice for the first 20 specimens to ensure intraexaminer consistency. A debris score of 1 was assigned when no debris was present. A score of 2 was assigned if clumps of debris covered <25% of the canal wall area. A score of 3 or 4 was recorded when clumps of debris covered between 25% and 50% and between 50% and 75% of canal areas, respectively. A score of 5 was recorded for specimens in which >75% of the canal wall was covered with debris. A smear layer score of 1 was assigned when no smear layer was present and the dentin tubules were patent. A score of 2 was recorded if <25% of the canal area was covered by a thin smear layer and the dentin tubule openings were visible. A score of 3 indicated a patchy distribution of smear layer with up to 50% of the area covered with smear layer. When a thin homogeneous smear layer was visible, a score of 4 was assigned and a score of 5 was recorded when a thick inhomogeneous smear layer covered the prepared canal wall. Mean debris and smear layer scores were calculated for groups A and B and statistically evaluated using the Kruskal-Wallis and Mann-Whitney U tests.
RESULTS
During instrumentation, a size 32.5 LS instrument head fractured in a canal with an acute apical curve, seen on a radiograph, whereas the flutes of two PF instruments (nos. 4 and 5) were unwound but not fractured.
Mean debris scores for groups A and B prepared by the LS and PF instruments are listed in Table 1 . Both rotary techniques left similar amounts of debris on the canal walls at the three levels investigated when using water (group A) as the only irrigant (Fig.  3, A and B) . Similar mean debris scores were recorded in the LS and PF subgroups in group A with more debris found apically, less in the middle third, and the least in the coronal third. However, lower debris scores were recorded in group B than in group A. Although LS-shaped canals, irrigated with EDTA and NaOCl (group B), had lower debris scores than canals shaped by PF instruments, significant differences were recorded only in the middle thirds of the canals (Fig. 4, A and B) . Differences in the mean amounts of debris between the two irrigation regimes were highly significant (p < 0.001; Kruskal-Wallis test; Table 1 ).
Mean smear layer scores for groups A and B prepared by the LS and PF techniques are listed in Table 2 . Both rotary techniques left similar amounts of smear layer on the prepared canal walls when water was used as the only irrigant (Fig. 3, A and B) . Of a possible maximum of 5, mean amounts of smear layer scored in group A for the LS and PF subgroups ranged between 4.27 and 4.7. However, when alternating EDTA and NaOCl were used as the irrigants, the LS subgroup had significantly less (p < 0.001 and p < 0.01) smear layer on the canal walls at the apical and mid-third levels, respectively, compared with PF-prepared canals (Fig. 4A to Fig. 5B) .
DISCUSSION
Previous SEM studies evaluated debris and smear layer scores on canal walls prepared with hand instruments and earlier enginedriven techniques (10, 11, (13) (14) (15) . However, debris and smear layer scores on canal walls prepared by LS and PF rotary instruments have not been directly compared.
Advertisements for some rotary instruments state that their product "cuts faster, moves safer and removes debris better." One of the objectives of the current study was to test such statements by using water as the sole test irrigant. The second objective was to compare the cleaning ability of LS and PF instruments using more efficient and clinically accepted imgants and to compare these findings against those recorded when water was used as the only imgant.
Under the conditions of this study, both rotary techniques had similar amounts of debris in the apical, middle, and coronal thirds when water was used as the sole imgant (Table 1) . Consequently, neither of the rotary techniques was superior to the other with water as the imgant. Several reasons may explain why similar amounts of debris are present on canal walls shaped by LS to size 55 and by PF instruments only to size 38. In this respect, the current study allows only speculation because of the many possible variables involved. The variables include the lengths of the instruments' cutting surfaces, speeds of rotation, diameters of the shaped canals, and the fact that some objects, scored as debris, may actually be detached portions of the smear layer. Interestingly, other authors have also reported no differences in debris scores when water was used as the sole irrigant in canals shaped to different sizes (15). Direct comparisons between the current and earlier debris studies are difficult because of differing methodologies used. For example, some studies on debris removal used increasing concentrations of alcohol while preparing their histological specimens, and this may have had an influence on their results (13-15). However, in evaluating debris scores, the sizes of the prepared canals may be more important than the preparation techniques, when using effective irrigants such as EDTA and NaOC1. In support of this speculation, Wu and Wesselink (15) found significant differences in the amounts of debris recorded apically between three manual techniques using NaOCl as the irrigant.
The need to remove the smear layer from canal walls using citric acid, EDTA, or other agents (16, 17) , with or without ultrasonic devices, remains controversial. Some authors suggest that the smear layer negatively affects obturation and disinfection, whereas others maintain that the presence of the smear layer has no significant clinical effects (18, 19) . Despite this controversy, the smear layer has the potential to harbor microorganisms (20) . Two factors may have caused LS-shaped canals to have lower smear layer scores than PF-shaped canals. First, LS canals had larger apical stops that were prepared to sizes 50 or 52.5, whereas PF canals were shaped only to size 6 whose tip corresponds roughly to a size 36. Because of the formula d, LS-shaped canals enabled larger volumes of NaOCl and EDTA to reach the apical stops. Second, a 27-gauge needle has a diameter of 0.42 mm that allows it to deposit the irrigant closer to the apical stop in the LS than in the PF-shaped canals. It may be of interest to know that PF instruments manufactured by Dentsply-Maillefer are differently sized than those manufactured in the U.S. In contrast to the US.-sized instruments, European-sized PF instruments include a size 40, and irrigants reached apical areas more effectively in canals prepared to sizes 40 or 45 (6, 16) .
Irrespective of the rotary technique, many of the prepared canals in this study had unprepared areas, particularly at the coronal level. A general problem with all rotary techniques is their inability to form round preparations in many oval-shaped canals (2,3). In such cases, chemical dissolution of necrotic tissue and microorganisms is crucial. In conclusion, neither of the two rotary techniques was superior in mechanically removing debris when water was the only irrigant used. The significantly lower smear layer scores in the LS subgroup is probably due to the better irrigation in canals with larger apical preparations.
